SUMMARY Erythrocyte deformability was studied in a total of 83 poorly controlled diabetics (mean blood glucose 12-2 mmol/l) who were divided into three groups, each with matched healthy controls. There was no appreciable difference between diabetics and matched controls regarding the filtration of erythrocytes through 3 gum diameter straight channel pores (25 diabetics) or tortuous channel pores (28 diabetics), or for the measurement of erythrocyte elongation over a range of osmolalities in the Ektacytometer (30 diabetics). When erythrocytes from 17 additional diabetics and 17 healthy controls were incubated for two hours at 37°C in hyperglycaemic (50 mmol glucose/l) buffer, however, there was a considerable reduction in erythrocyte filterability for both diabetics and controls in parallel with an increase in erythrocyte sorbitol concentration. This loss of filterability was prevented by the addition of an aldose reductase inhibitor (Sorbinil). High glucose concentrations (-50 mmol/l) impair the filterability of erythrocytes through 3 gm pores, and the intracellular accumulation of sorbitol in poorly controlled outpatients is therefore unlikely to have a major adverse effect on erythrocyte rheology in diabetes mellitus.
Erythrocytes from uncontrolled diabetics were originally found to have impaired deformability when suspended in autologous plasma and filtered through 5 gim diameter pores. ' It was subsequently suggested that the impaired erythrocyte filterability could be corrected in vivo and in vitro by the addition of insulin.2 Several factors extrinsic to the erythrocyte, however, may contribute to this impairment of filterability in uncontrolled diabetes. These include an acute phase increase in plasma fibrinogen concentration3; leucocytosis4; plasma hyperosmolality,3 5 which can increase erythrocyte mean cell haemoglobin concentration; and a low blood pH6 or low plasma sodium concentration,7 which can increase erythrocyte mean cell volume.
The individual rheological effects of these extrinsic factors can be studied by resuspending leucocyte depleted washed erythrocytes in an appropriate buffer. In two earlier studies normal erythrocytes suspended in hyperglycaemic buffer showed impaired filtration through 5 gm diameter pores.8' As water crosses the erythrocyte membrane in milliseconds'0 and glucose loss from the cell has a half life of < 30 seconds," 2 hyperglycaemia of plasma or buffer is unlikely to impair erythrocyte rheology by a simple Accepted for publication 26 In the clinical studies erythrocyte mean cell volume was measured using a Coulter S Plus IV counter; blood glucose by a glucose oxidase method using blood anticoagulated with sodium fluoride; and haemoglobin A, (Hb A,) by affinity chromatography (Glycogel B; Pierce UK Ltd, Cambridge). 28 In vitro incubation of erythrocytes (from 17 poorly controlled, insulin dependent diabetics and 17 healthy controls) was performed under hyperglycaemic conditions using Imugard IG500 filtered and washed erythrocytes resuspended at 0-07 (7%) haematocrit in phosphate buffered saline. Incubation was performed with added D-glucose (Analar grade, BDH Chemi- Table I shows clinical and biochemical details of the three patient groups studied. In this clinical study the filtration of diabetic erythrocytes through 3 pm straight channel polycarbonate membranes (25 patients), or through 3 pm tortuous channel silver membranes (28 patients) was not significantly different from the filtration of erythrocytes from healthy matched controls (Table 2) . When erythrocyte elongation (El max) in the Ektacytometer was measured, there was also no significant difference between 30 diabetics and their matched controls. The Ektacytometer Osmoscan curve valves, 0 min, 0 max, and 0 hyper also showed no significant difference between diabetics and controls (data not shown). Erythrocyte mean cell volume did not differ significantly between patients and controls in any of the three clinical groups.
In vitro incubation of diabetic erythrocytes in a higher (50 mmol/l) glucose concentration for two hours resulted in pronounced accumulation of erythrocyte sorbitol, the concentration increasing from 1-5 gsmol/l to > 100 jmol/l erythrocytes. This increase was associated with a significant (p < 0 02) reduction in erythrocyte filterability through 3 pm diameter straight channel pores compared with filterability after incubation in 5 mmol/l glucose (Table 3) . Incubation in 25 mmol/l glucose did not cause a significant loss of erythrocyte filterability. When normal erythrocytes were similarly incubated for two hours in 50 mmol/l glucose (Table 3) , there was again a pronounced increase in sorbitol accumulation to > 100 gmol/l erythrocytes, together with a significant (p < 0-01) reduction in their filterability compared with incubation in 5 mmol/l glucose (Table  3) . Incubation in 25 mmol/l glucose again had no effect on erythrocyte filtration. At a glucose concentration of 50mmol/l glucose, the erythrocytes from healthy controls showed a quantitatively greater loss of filterability (p < 0 025) than the erythrocytes from diabetics (Table 3) . Values for El max, measured by the Ektacytometer, were not significantly different between the three glucose concentrations (Table 3) , and the Ektacytometer Osmocan curve variables (O min, O max, and 0 hyper) were also not significantly different (data not shown).
When erythrocytes from an additional 17 healthy controls were incubated for two hours in 50 mmol/l glucose there was an almost identical (12%-13%) loss of erythrocyte filterability through 3 pm diameter straight channel pores compared with the loss that occurred with incubation in 5 mmol/l glucose (Table   4) . Addition of 5 pg/ml Sorbinil to the hyperglycaemic buffer prevented this loss of filterability (Table 4) . In contrast, when 200 pU/ml insulin was Hemorhemetre IF (%)* 100 (3-5) NS 101-1 (3-2) <0 001 112 7 (3-9)
*Results for mean and SEM expressed as in Table 3 .
added to erythrocytes from eight healthy controls and incubated for two hours in 50 mmol/l glucose there was no protective effect, IF increasing from 100% to 1122% (SEM 66) without insulin and to 1125% (6-3)% with insulin. Incubation at the three glucose concentrations in the above experiments caused no appreciable change after two hours in erythrocyte mean cell volume, mean cell haemoglobin concentration, or erythrocyte morphology.
Discussion
In clinical studies of erythrocyte deformability filtration through 3 pm pores may be more sensitive to small changes in erythrocyte rheology than filtration through 5 pm pores, 29 We therefore filtered a pure suspension of washed erythrocytes through 3 pm diameter pores of both straight channel and tortuous channel type. No loss of filterability of diabetic erythrocytes through either type of membrane was found in the clinical study, even when poorly controlled patients were studied; this finding agrees with one previous study of 3 pm diameter straight channel pores.36 Washed erythrocytes from diabetics in the steady state have also shown normal rheological behaviour in micropipette aspiration studies37 38 and normal viscosity when measured at a high shear rate.39 Our results show that unwashed diabetic erythrocytes elongate normally when sheared in the Ektacytometer over a range of osmolalities from 80 to 500 mmol/kg; this is again in agreement with a previous study. 40 Our results were obtained using blood from 83 poorly controlled outpatient diabetics who had a mean blood glucose concentration of 12-2 mmol/l when venesected. We therefore studied the rheological effects of incubating erythrocytes in much higher concentrations of glucose. An appreciable reduction in 3pgm pore filterability was obtained at 50, but not at 25 mmol/l glucose, and the effect was greater for erythrocytes from normal subjects rather than from diabetics. Insulin had no rheologically pro-726 tective effect in vitro, in contrast to a previous report.' Our in vitro incubations did not change the size, haemoglobin concentration, or shape of the erythrocytes. Alternative explanations for this loss of filterability of a pure suspension of washed erythrocytes include glycosylation of membrane protein,41 42 or the intracellular accumulation of sorbitol via enhanced activity of the polyol pathway. 43 The effect of sorbitol accumulation on erythrocyte cytoplasmic viscosity is unknown, however, although normal erythrocytes incubated in glucose in vitro have been reported to have decreased filterability.8 Our in vitro two hour incubation of normal erythrocytes in 50 mmol/l glucose resulted in a high intracellular concentration of sorbitol. When Sorbinil was added to the incubation buffer to prevent sorbitol accumulation there was no longer any appreciable loss of erythrocyte filterability. This substantiates the hypothesis that sorbitol accumulation has a rheological effect on erythrocytes, but, despite a 25 fold increase in sorbitol (to concentrations at least twice that found in poorly controlled diabetics) the loss of filterability through 3 yim pores was only 12%-13%.
It would thus seem unlikely that sorbitol accumulation has an important role in the rheology of erythrocytes from poorly controlled outpatient diabetics, in whom we were unable to show any rheological abnormality by filtration or Ektacytometric methods. 
